Introduction
Binding of 4.1N to PIKE We conducted yeast two-hybrid analysis using the Structure of PIKE However, we identified from database a gene on human chromosome 12 (human cosmid clone 6e5, accession Screen of a lambda phage cDNA library of rat brain reveals a 2.3 kb open reading frame encoding a 753 number 4,001,539) that has 91% identity over the entire PIKE cDNA. This human gene contains the three prolineamino acid sequence comprising the full length of PIKE (Figure 2A) . We observe substantial homology in the rich domains that human KIAA0167 lacks, indicating that human cosmid clone 6e5 contains human PIKE. Thus, C-terminal portion of PIKE to several GTP binding proteins including centaurin ␥-a, Rab7, and R-Ras ( Figure  KIAA0167 and PIKE have homologous GTPase/PH domains but appear to be distinct genes. On the other 2B). Besides the ras-like domain (aa 402-686), PIKE contains a PH domain (aa 670-704) immediately to the hand, we found a rat EST clone (EST202125; accession number AI007674), which is identical to the 250 nucleo-C-terminal side of the ras-like domain. In the N-terminal portion of PIKE, we observe three proline-rich domains tides at the 3Ј end of PIKE, including the same stop codon. This provides confirmation of the sequence de-(aa 28-34; 182-189; and 353-362) ( Figure 2C ).
Amino acid residues 387-752 of PIKE are virtually termined for our clone. We have replicated our own sequence determination 6 times. identical to residues 56-420 of human cDNA KIAA0167 (accession number NM_014770). Over this same region, PIKE and KIAA0167 have 89% nucleic acid identity. UnTissue Distribution and Intracellular Localization of PIKE like PIKE, KIAA0167 contains an extension that includes the C-terminal half of the PH domain indicated in PIKE, Northern blot analysis of various rat tissues reveals a prominent band in the brain at about 5.0 kb ( Figure 3A) . an ARF-GAP domain, and ankyrin repeats. KIAA0167 has the same domain structure as D. melanogaster
Besides the 80 kDa PIKE, Western analysis shows a 65 kDa band that is prominent in brain, and faint in lung, Centaurin ␥-1a and C. elegans hypothetical protein Y39A1A.15b, indicating that KIAA0167 is the human orheart, and liver. Both the 80 kDa and the small-size bands are blocked by preincubating the anti-serum with tholog of Centaurin-␥-1a. Conceivably, PIKE might be an alternatively spliced form of Centaurin ␥-1a in rat.
recombinant PIKE fragment. Both bands are evident Figure 3E ). The nuclear localization of PIKE is detected in the homogenate and P1 (unbroken PIKE is the same whether its lysine 413 and serine 414 cells and nuclei) fractions ( Figure 4C ). As PIKE occurs are mutated to alanine and asparagine respectively, or in nuclear fractions, we examined the influence of NGF HA is tagged at the N or C terminus. By contrast, staining treatment of PC12 cells on the activation of nuclear for ␣-tubulin is extranuclear. Thus, the lower molecular PIKE. NGF treatment augments PIKE binding to GTP weight immunoreactive band, which is cytosolic, does 5-fold at about 0.5 hr. Activity declines at 4 hr, and by not reflect a smaller form of nuclear PIKE protein but is 24 hr has returned to baseline levels ( Figure 4D ). instead a cross-reactive band. Figures 5D and 5F ). preloaded with GDP. PI3K activity is demonstrable for 
Altun-Gultekin and Wagner, 1996). Antimitotic influestablish a casual relationship, we utilized a dominantnegative form of PIKE for retroviral infection of PC12 ences and neurite extension occur at about 12-24 hr (Hagag et al., 1986; Milbrandt, 1988; Baetge and Hamcells. We developed the dominant-negative construct by making point mutations in PIKE's well-conserved mang, 1991). If PIKE mediates the NGF activation of nuclear PI3K, then activation of PIKE and of nuclear
GTPase domain. PIKE's lysine 413 and serine 414, thought to bind to PI3K should display similar temporal properties. Nuclear PIKE is activated at about 0.5 hr ( Figure 4B) . We observe GTP, were mutated to alanine and asparagine respectively (Feig and Cooper, 1988). Activation of PI3K by maximal activation of nuclear PI3K activity in the immunoprecipitate complex of p110 at about 0.5 hr following PIKE is GTP-dependent ( Figure 5B ). PIKE does bind to PI3K in the presence of GDP, though less well than NGF treatment of PC12 cells, the same as peak activation of PIKE ( Figure 7A) . By 4 hr, enzyme activity has with GTP ( Figure 5A ). To examine the PIKE mutants' activation of PI3K, we cotransfected HEK293 cells with returned almost to baseline levels.
If the activation of PI3K in the nucleus is through the p110, p85, PIKE (K413A), PIKE (S414N), and PIKE (K413AS414N) in various combinations. Cotransfection association with nuclear PIKE, then NGF should activate PI3K associated with immunoprecipitates of endogewith wild-type PIKE leads to a quadrupling of enzyme activity. However, PIKE (S414N) and PIKE (K413AS414N) nous PIKE. Accordingly, we immunoprecipitated PC12 cells with PIKE antibody at various times after NGF treatfail to activate PI3K activity ( Figure 7B ). We utilized PIKE (K413AS414N) as a dominant-negative incorporated into ment and monitored PI3K activity in the immunoprecipitates. PI3K activity is maximally activated at 30 min with a retrovirus, which was infected into PC12 cells. Following NGF treatment, PI3K activity was monitored at varia time course identical to that of PI3K immunoprecipitates. Selectivity for the nuclear translocation of 4.1N ous time points. In contrast to the quadrupling of PI3K activity in control cells 0.5 hr after NGF, no increase and p110 is evident by the absence of translocation for ␣-tubulin following NGF treatment ( Figure 7C ). occurs at any time point in the dominant-negative infected cells ( Figure 7A ). The temporal correlation for PIKE and PI3K activation by NGF suggests a link between the two events. To PC12 cells treated with NGF undergo a G1 cell-cycle lipids and so might interact with the lipid substrates attached to PI3K. To examine the role of PIKE in these events, we infected PC12 cells with PIKE (K413AS414N) retrovirus, then
We clarified how PIKE activates PI3K depending on the presence of its two subunits with PIKE being able treated the cells with NGF, and analyzed cyclin D1's expression level ( Figure 7D) . In control cells, cyclin D1's to bind independently to each of the two subunits p85 and p110. Transfected by itself, p110 lacks catalytic concentration is enhanced 2.5-and 4-fold, respectively, after 2 and 4 days NGF treatment; however, in virusactivity but acquires it following cotransfection with p85. PIKE transfection quadruples this activity. PIKE can actiinfected cells, cyclin D1 is not altered by NGF. NGF treatment does not affect cyclin B1 protein level. To vate PI3K only when both p110 and p85 are expressed, not with p110 alone. This suggests that PIKE alone can further evaluate how the PIKE mutant influences nuclear cyclin D1, we employed immunocytochemistry. About not prevent p110 denaturation but may facilitate the stabilizing effect of p85 on p110. 20%, 45%, and 65% of nuclei, respectively, stain for cyclin D1 after 0, 2, and 4 days NGF treatment, compared NGF treatment of PC12 cells activates PIKE and nuclear PI3K with peaks at 30 min, whereas NGF activates to only 20% to 25% in the virus-infected cells (Figure 7E) . the cytoplasmic GTPases of the ras family as well as cytoplasmic PI3K much more rapidly with peak activity To ascertain whether PIKE is required for neurite outgrowth in PC12 cells, we monitored neurite extension in 5-10 min (Carter and Downes, 1992; Rodriguez-Viciana et al., 1994, 1997). These observations suggest that in PC12 cells infected with the dominant-negative PIKE (K413AS414N) retrovirus. PC12 cells in the presence of PIKE mediates the NGF activation of nuclear PI3K, a conclusion established by experiments in dominant-NGF (50 ng/ml) for 4 days develop a network of neurite outgrowth, with 80% Ϯ 3% of control and 75% Ϯ 4% negative PIKE (K413AS414N) retrovirus-infected PC12 cells, where activation by NGF of nuclear PI3K is abolin the virus-infected cells elaborating neurites at least two cell bodies in length. Thus, PIKE and nuclear PI3K ished. Cytoplasmic PI3K activation requires activated recepseem to be required for NGF-induced cell-cycle arrest, but not for neurite outgrowth.
tor tyrosine kinases (e.g., PDGFR, EGFR, CD28, etc.) or GTPase proteins such as Ras. However, none of these known PI3K activators are present in nucleus. Our disDiscussion covery that the nuclear GTPase, PIKE, enhances nuclear PI3K activity indicates that PIKE may be the nuclear In the present study, we have discovered a novel protein, PIKE, which possesses GTPase activity and is exclucounterpart of Ras. These findings provide a molecular basis for the regulation of nuclear PI3K. sively localized to the nucleus where it binds 4.1N and 
Infection of PC12 Cells with p-DON-A1-PIKE (K413AS414N) Retrovirus Yeast Two-hybrid Screen
The experiments were performed essentially as described (Mulligan, Two-hybrid screening was conducted using the Y190 yeast strain 1993; Kim et al., 1998). p-DON-A1 is a 5682 kb plasmid driven by containing the HIS3 and ␤-galactosidase (␤-gal) reporter genes and 5Ј HCMV IE (Immediate Early) promoter followed by intron SD/SA the pPC97 and pPC86 expression vectors. This was performed essequences, as well as retrovirus caspid packaging signals. PIKE sentially as described (Ye et al., 1999) . pellet virions. After removal of the supernatant, PC12 cell culture medium (21 ml) was added to the pellet, which was maintained
